MeV ). Any large neutrino flare event record might also verify the expected neutrino flavour mixing leading to a few as well as a comparable, ν e , ν µ ,ν e , ν µ energy fluence and spectra. The rarest tau appearence will be possible only for hardest solar neutrino energies above 3.471 GeV . 
INTRODUCTION
The recent exceptional solar flares on October-November 2003 remind us the rarest the historical one on February 23th,1956, see (F. Bachelet. A.M.Conforto 1957; J.Simpson 1957 1) and most power-full comparable event on September 29th, 1989 at 11 : 30 − 12 : 00U.T., see (Alessio, Allegri, Fargion, Improta, Iucci, Parisi et all. 1991; (2) and L.I. Miroshnichenko et all 2000 (16) ). These events were source of high energetic charged particles whose observed energies, E p , range between the values: 15GeV ≥ E p ≥ 100
MeV. Even higher proton solar energies E p ≥ 500GeV have been reported see ( Karpov et all. reference 10) . A large fraction of these primary particles, i. e. solar flare cosmic rays, became a source, on the Sun surface and later on the Earth atmospheres, of neutrons ( see reference 2) as well as secondary kaons, pions K ± , π ± by their particle-particle spallation.
Their following secondary rays, as muons µ ± and neutrinos and anti-neutrinos ν µ ,ν µ as well as γ rays, and their final relic neutrinos ν µ ,ν µ , ν e and relevantν e were also released by the chain reactions π ± → µ ± +ν µ (ν µ ), π 0 → 2γ, µ ± → e ± +ν e (ν e )+ν µ (ν µ ). There are two different sites for these chain decays and consequently, two corresponding neutrino emissions (see Fargion 1989 , 11) :
(1) A first, brief and sharp solar flare neutrino burst;
(2) A later, diluted and delayed terrestrial neutrino flux.
The first is a prompt (few seconds-minutes on-set) neutrino burst due to charged particles scattering in the solar shock waves, associated with known prompt gamma-X neutron events. The largest event yet recorded was an X28 which occurred at 19 : 50 UT Nov 4, 2003. The consequent solar flare neutrinos reach the Earth laboratory with a well defined direction and within a narrow time gate.
Their average energies < E νe > are probably large (for given proton energy respect to an event on Earth atmosphere) because their associated primary rays (π ± , µ ± ) decay mainly in flight at low solar densities, i.e. where their primaries suffered negligible energy loss: < E νe >> 50M eV , < E νµ >≃ 100 ÷ 200 MeV. The second delayed neutrino flux originated on the Earth's atmosphere, is due to the late arrival of prompt solar charged particles (nearly ten minutes later than the radio-X onset). These particles are not to be confused with lower energy ones in much later solar winds. These solar flare rays, even nearly relativistic (hundreds-thousand MeV), are charged and bent by inter-planetary particles and fields; therefore their arrival as well as their relic neutrino emission on Earth atmosphere takes place tens minute or even a few hours later the solar X-radio sharp event. Therefore their signal is widely spread and diluted in time. 
The ratio, even being smaller than unity, it remarks the flare energy relevance. Naturally the SN neutrino fluence are certainly probed both experimentally and theoretically while the solar flare energy (10 32 erg) conversion in neutrino has to be probed.However even in a more conservative frame where only a fraction η of the flare energy is partially converted η <∼ 0.1 into neutrinos, the flare energy flux on the Earth is:
We know that Kamiokande detectors observed 11 neutrino events from the 1987A supernovae explosion. The Super-Kamiokande, because its larger volume may observe a signal 22 time as large. Therefore, in this low energy η <∼ 10% conversion the signal (≥∼ 0.8) is near or above unity and it may be reached. Moreover the expected pion-muon neutrino flare mean energy < E νF L >≥ kT νSN ≃ 10 MeV is much larger E νF L ≃ 0.1 − 1 GeV, than the corresponding one for thermal supernovae neutrinos ; the consequent neutrino cross section with nucleons grows square with the energies; therefore the event number in present first approximation is larger (by a factor ten or more) than ten MeV energy.
In conclusion, if a realistic fraction (≃ 0.001) of the total flare energy (E F L ≃ 10 32 erg) was emitted, by proton-pion-muon chain, into neutrino relics, as we shall show in more details, their arrival on Earth might be nearly detectable (∼ 1 ÷ 5 events) and it would be much worth checking the Super-Kamiokande records at a the X-radio pre- 
THE SOLAR FLARE ENERGY
The energy released during the largest known flares is mainly in the form of inter- 
keeping the lowest energy as the flare energy threshold.
The pion production in solar flare
The kaon-pion-muon chain reactions and their consequent neutrino relics spectrum in solar atmosphere may be evaluated in detail if the energetic particle (protons, alpha nuclei, ...) energy spectra is known, as well as the solar density and magnetic configuration.
Indeed magnetic screening may reduce high energy particle scattering in the solar flare regions. Successful description for terrestrial atmospheric neutrinos, and their primary relic of cosmic rays, has been obtained. Our approach, ignoring the exact spectrum for protons in recent solar flare and the detailed magnetic configuration, will force us to consider only averaged values, neglecting the (higher energetic) Kaon production. In order to find the interaction probability for an energetic proton (E p ≃ 2 GeV) to scatter un-elastically with a target proton at rest in solar atmosphere, we must assume an exponential solar density function following well known solar density models. (reference 6)
where h 0 is the photosphere height where flare occurs.
Upward protons interactions in solar flare
The unelastic proton-proton cross section for energetic particles (E p > 2 GeV) is nearly constant: σ pp (E > 2 GeV ) ≃ 4 · 10 −26 cm 2 . Therefore the scattering probability P up for an orthogonal up-ward energetic proton p E , to produce by nuclear reaction, pions (or kaons) is:
A terrestrial Observatory in direct line of sight with a solar flare would observe only 10% (or much less, if, as it is well possible h 0 > 10 7 cm) of the primordial proton flare number, converted into pions and relic muons, neutrinos and electron-positron pairs.
Moreover, because of the kinematics, only a fraction smaller than 1/2 of the energetic proton will be released to pions (or kaons) formation. In the simplest reaction, source
ց p+n+π + ) at the center of mass of the resonance ∆ (whose mass value is m ∆ = 1232 MeV), the reaction R πp between the pion to the proton energy is:
Therefore the total pion flare energy due to upward proton is:
Because of the isotopic spin the probability to form a charged pion over a neutral one in the reactions above:
is given by the Clebsh
Gordon coefficients, (3/4), and by the positive-negative ratio (1/2):
The ratio of the neutrino of the muon energy in pion decay is also a small adimensional fraction R νµµ
In a first approximation one may assume that the total pion energy is equally distributed in all its final remnants: (ν µ , e + , ν e , ν µ ) or (ν µ , e − ,ν e ,ν µ ):
Actually the correct averaged energy (by Michell parameters) for neutrino decay µ ± at rest are:
Similar reactions (at lower probability) may also occur by proton-alfa scattering leading to: (p + n →
Here we neglect their additional role due to the flavor mixing and the dominance of previous reactions at soft flare spectra. Therefore E νµ > E νe ; however muon neutrino from pions π ± decays have a much lower mean energy and the combined result in eq. (10) is a good approximation. We must consider also the flavour mixing (in vacuum ) that it is able to lead to an averaged neutrino energy along the neutrino flight making a final mix-up and average neutrino flavour energy and flux intensity. In a first approximation the oscillation will lead to a 50% decrease in the muon component and it will change mainly the electron neutrino component making it harder.
We will keep this flavor mixing into account by an efficient conversion term η µ =≃ 1 2
re-scaling the final muon neutrino signal and increasing the electron spectra component.
Because in π-µ decay the µ neutrinos relic are twice the electron ones, the anti-electron neutrino flare energy is, at the birth place on Sun:
The corresponding neutrino flare energy and number fluxes at sea level are:
(12)
This neutrino number is larger but comparable with a different value evaluated elsewhere (reference 7). The flux energy in eq. (12) shower whose mild beaming naturally increase the neutrino signal. Most of the downward neutrino signal to be discussed below is generated at mild relativistic regime as well as their pion and muon secondaries; therefore there maybe also a mild outburst outside with some anisotropy suppression, back toward the Earth.
Downward, proton interactions in solar flare
High energetic protons flying downward (or horizontally) to the Sun center are crossing larger (and deeper) solar densities and their probability of interaction P d , is larger than the previous one (P up ). The proton energy losses due to ionization, at the densities where most of their reaction take place, are low in respect to the nuclear ones and most of the proton flare energy is converted into pion-Kaon nuclear productions with few losses.
If the energetic proton direction is tangent or downward to the solar core, the probability interaction is even larger than one. Unstable and short lived pions of few GeV will decay in flight because nuclear reaction at those solar atmosphere densities, are small; the pion number density n π is described by an evolution equation of the form:
where n pE , n pT , n π are the number density of the flare energetic and target protons, σ pp (E), σ pπ (E), σ ππ (E), are the p-p, p-π, π-π cross sections. The velocities v pE , v π are near the velocity of light and Γ π = 3.8 · 10 7 s −1 . The last term in eq. (14), due to the relativistic pion decay, at solar densities as in eq.(4) and at an energy E π ≃ GeV, is nearly six order of magnitude larger than all other terms. Therefore the pion number density n π should never exceed the corresponding proton number density n pE ;
however the integral number of all pion stable relics (ν µ , ν µ , ν e ,ν e , e − ) may exceed, in principle, the corresponding number of proton flare, because each proton may be a source of more than one pion chain. The proton number density, below the photosphere (h < 0), is described by a polytropic solution, but it can be also approximated by a natural extrapolation of the low in the eq.(4) with a negative height h. It is easy to show that the interaction probability for a relativistic proton (E pE >> GeV) reaches unity at depth h = −278 Km which is the interaction length. At the corresponding density (n⊙ ∼ 2.2 · 10 18 cm −3 ) the proton ionization losses, between any pair of nuclear reactions are negligible (few percent). Unstable relic pions decay (almost) freely are after a length regions, near h < −700 Km where the solar density is n ⊙ ≥ 10 20 cm −3 , a GeV-muon will dissipate most of its energy in ionization before decaying. In that case the energy ratio between muon relics and primary protons is much smaller than unity. Only a small fraction of inward protons will reach by a random walk such deeper regions and we may conclude that, in general, the flare energy relations are:
This result is nearly 36 times larger than the corresponding one for up-ward neutrinos in eq.(10). Terrestrial neutrino relics from cosmic rays, related to analogous pion chain reaction, lead to a predicted and observed asymmetry (see T.Gaisser,T.Stanev 1989, reference 8) betweenν e , ν e , due to the positive proton charge predominance either in target and incident beam:
at energies 10 GeV > E ν > 100 MeV. Therefore the energy component of the observable flare should be marginally reduced in eq. (15), even assuming a low flare (10 3 1erg) output:
DETECTABLE SOLAR FLARE NEUTRINOS IN SK-II
We cannot say much about the solar flare neutrino spectrum because of our ignorance on the recent primordial proton flare spectra. The solar flare are usually very soft. We may expect a power spectrum with an exponent equal or larger than the cosmic ray proton spectrum. Therefore we consider here only averaged neutrino energy < E ν > at lowest energies (below near GeV) and we scale the result above, eq. (16), for the anti-neutrino numbers at sea level:
< Nν e >≃ 1.72 · 10 6 η( < Eν e > 100 M eV
We now consider the neutrino events due to these number fluxes at Super-Kamiokande II; other detectors as SNO (and AMANDA if the spectra was extremely hard) might also record a few events but at much lower rate. The observable neutrino events, due to inverse beta decay (ν e + p → n + e + ;ν µ + p → µ + + n), at Super-Kamiokande detectors are:
i = e, µ. A comparable neutrino events, due to stimulated beta decay (ν e + n → p + e − ; ν µ + n → µ − + p), must also take place (see an updated reference Bodek et all. 2003 ( see 18)). We may approximate this number with an averaged one due to an effective neutrino energyĒ ν :
Where N pSK is the proton number in the Super-Kamiokande detector N pSK = is possible. This expression is in agreement with full result within few per-mille for
Where ∆ = m n −m p ; E e is the energy of the escaping electron. In the simplest low-energy approximation (see Bemporad et all., 2002 e.g. reference 13) σ ≈ 9.52 × 10 −44 p e E e MeV 2 cm 2 , E e = E ν ± ∆ forν e and ν e ,
In a more simple and direct form (see Fargion 1989 ; see 11) , at low energy (10M eV ≤ Eν e ≤ GeV )
The expected neutrino event, during the flare may be two fold as we mentioned above:
a solar burst and a terrestrial flux; for the terrestrial neutrino flux (during the recent 28/29Oct.2003 flare) we expect from the solar proton hitting the atmosphere and leading to neutrinos at least:
These events should increase (almost doubling its flux) the common atmospheric neutrino flux background (5.8 event a day). For the prompt neutrino solar burst in the Sun we expect (if covered or horizontal) a similar number in a very narrow time window.
Naturally this result might be over-optimistic. In order to obtain a more severe and more pessimistic result we now tune our expectation with the event number due to the well known supernovae SN1987A where we know (or we hope to know) the primordial neutrino energy: E νSN ≃ 3 · 10 53 erg andĒν e ≃ 10 MeV. We know (by cosmology and Z 0 width decay in LEP) that the possible neutrino flavours states are N F = 6 (ν e ,ν e , ν µ , ν µ , ν τ ,ν τ ). The Earth-SN1987A distance d SN = 1.5 · 10 23 cm lead to:
It should be noted that the quadratic energyĒ ν dependence of the cross section σν e p and the inverse energyĒ ν relation of the neutrino flux number leads to the linear dependence in eq.(23). However, the inverse beta decay processes increases linearly with energyĒ ν up to a value smaller than m p ∼ GeV. Above it the cross section in eq. (20) becomes flat and only at higher energies it grows linearly with the energy:ν e +p → e + +n;ν µ +p → µ + +n;
The formulas above are approximation only within an energy window E νµ , Eν µ , E νe , Eν e ≃ 100 − 1000 MeV. As we shall see, we may neglect the prompt neutrino-electron scattering processes due to charged or neutral currents cross sections:
Indeed these values are nearly 100 times smaller (atĒ ν ∼ 100 MeV) than the corresponding nuclear ones in eq. (23, 26) . We consider the neutrino flare signals at SuperKamiokande due to eitherν e + p → n + e + andν µ + p → µ + + n, ν e + n → e − + p; ν µ + n → µ − + n; keeping in mind, for the latter, the threshold energy Haxton 1987, see reference (9) . For this reason our preliminary estimate is just a lower bound for any high energetic (E νe > 100 MeV) neutrino spectrum.
CONCLUSIONS: THE SOLAR MUON AND TAU NEUTRINO
The Earth-Sun distance D ⊕⊙ is large enough to guarantee a complete flavor mixing even for hundred MeV or GeV neutrino energies. Indeed the oscillation distance in vacuum: L νµ−ντ = 2.48 · 10 9 cm Eν 10 9 eV
13 cm. The consequent flavor mixing will increase the average energy of the anti neutrino electron component respect to its birth one. This will increase also the neutrino electron component while it will reduce the corresponding muon component leading to :
10 31 erg ) ; N ev νµ ≃ N ev νe as well as a comparable, ν e , ν µ ,ν e ,ν µ energy fluence and spectra. The rise of muon neutrinos will be detectable above the minimal muon threshold E ν ≃ 113 MeV energy , or better above the pion and ∆ o thresholds (E ν ≃ 151 and 484 MeV ). Its presence is unexpected by standard solar physics. The prompt muon neutrino burst will inaugurate a novel solar muon neutrino astronomy. Any large neutrino flare event record might also verify the expected neutrino flavour mixing leading to a few as well as a comparable ν e , ν µ ,ν e ,ν µ energy fluence and spectra. The rarest tau appearance will be possible only for hardest solar neutrino energies above 3.471 GeV, but this require a hard (E νµ → E ντ ≃ 4GeV ) flare spectra.
At highest neutrino energies above 4.357 GeV the τ appearance by ∆ o resonance will be most favorite.
Any positive evidence for such events will mark a new road to Neutrino Astrophysics, to be complementary to lower neutrino energy from Sun and Supernovae. New larger generations of neutrino detectors will be more sensitive to these less power-full, but more frequent and energetic solar flares, than sensitive to rarest extragalactic supernovae (as the one from Andromeda) whose time delay might give insight of neutrino mass 12.
In burst onset (100s), are above the noise. Indeed the probability to find by chance one neutrino event within a 1 − 2 minute ∆t ≃ 10 2 s in that interval is P ≃ Γ · ∆T ≃ 6.7 · 10 −3 . For a Poisson distribution the probability to find n = 1, 2, 3, 4, 5 events in a narrow time window might reach extremely small values: P n ∼ = the data are respectively from SOHO and GOES11 satellite experiments common hadronic τ decay) , and its pion consequent decays into mono-cromatic γ whose relics are consequent e + ,e − relativistic pairs production. Any steep proton flare spectrum, where a large flare energy fraction is at a low proton energies may reduce σ pp un-elastic cross-sections and increase the elastic ones, reducing the pion-neutrino creations. A low flare energy E F L < 10 32 erg, any neutrino muon spectra whereĒν µ <100 MeV, or any proton-magnetic field interaction may suppress somehow our estimates. Therefore our considerations are only preliminary and they must be taken with caution (also in view of the delicate chain of assumptions and simplification). We hope to stimulate with our work correlated research in gamma-optical-neutron rays observations and neutrino underground detectors in view of additional solar activity. In particular we suggest to control the very Super-Kamiokande data records on October − N ovember solar flare Xradio peak activity, namely on 26 − 28 − 30th October and 2nd − 4th and 13 November X-ray onset (see figures below for time details). We like to point the attention to the hard X on set at 19 : 48 U.T. on 4th November 2003. 
